UNITED STATES PATENT APPLICATION 

OF 

KYUNG-SU CHAE 

AND 
HYUN-HO SONG 

FOR 

METHOD OF FABRICATING 
LIQUID CRYSTAL DISPLAY DEVICE 



l-W A/2055636.1 1 



[0001] The present invention claims the benefit of Korean Patent Application No. 
85624/2002 filed in Korea on December 27, 2002, which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to a method of fabricating a display device, and more 
particularly, to a method of fabricating a liquid crystal display device. 
DESCRIPTION OF THE RELATED ART 

[0003] As various portable electronic devices are developed, such as mobile phones, 
personal digital assistants (PDA), and notebook computers, requirements for small, light 
weight, and power-efficient flat panel display devices have gradually increased. Presently, 
liquid crystal display (LCD) devices, plasma display panel (PDP) devices, field emission 
display (FED) devices, and vacuum fluorescent display (VFD) devices have been 
developed for implementation as flat panel display devices. However, the LCD devices 
are currently being fabricated due to their simple mass production technology, easy driving 
systems, and production of high quality images. 

[0004] FIG. 1 is a cross sectional view of a liquid crystal display device according to the 
present invention. In FIG. 1, an LCD device 1 comprises a lower substrate 5, which is a 
driving device substrate, an upper substrate 3, and a liquid crystal layer 7 formed between 
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the lower and upper substrates 5 and 3. Although not shown, a plurality of pixels are 
formed on the lower substrate 5, a thin film transistor is formed at each one of the pixels, 
and pixel electrodes and common electrodes are formed on the lower and upper substrates 
5 and 3, respectively. The upper substrate 3 is a color filter substrate that includes a color 
filter layer for producing colored light. In addition, an alignment layer is formed on the 
upper substrate 3 for orienting liquid crystal molecules of the liquid crystal layer 7. 
[0005] The lower substrate 5 and the upper substrate 3 are attached by a sealing material 9, 
and the liquid crystal layer 7 is formed therebetween for driving the liquid crystal 
molecules using the driving devices formed on the lower substrate 5 in order to control 
light transmitted through the liquid crystal layer. Processes for fabricating the LCD device 
can be divided into a driving device array substrate process, wherein the driving devices 
are formed on the lower substrate 5; a color filter substrate process, wherein the color 
filters are formed on the upper substrate 3; and a cell process. 

[0006] FIG. 2 is a flow chart of a method for fabricating a liquid crystal display device 
according to the related art. In FIG. 2, a step SI 01 includes forming a plurality of gate 
lines and a plurality of data lines on a lower substrate using a driving device array process 
for defining a plurality of pixel areas, and includes formation of thin film transistors, which 
are connected to the gate lines and the data lines, at the pixel areas. In addition, a pixel 
electrode, which is connected to the thin film transistor through the driving device array 
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process, is formed for driving a liquid crystal layer as a signal is transmitted through the 
thin film transistor. 

[0007] A step SI 04 includes formation of a color filter layer of R, G, and B colors and a 

common electrode on an upper substrate using a color filter process. 

[0008] Steps SI 02 and SI 05 both include formation of alignment layers on the upper and 

lower substrates, wherein the alignment layers are rubbed in order to provide the liquid 

crystal molecules of the liquid crystal layer formed between the upper and lower substrates 

with an initial alignment and surface fixing force (i.e., pre-tilt angle and orientation 

direction). 

[0009] Step SI 03 includes scattering a plurality of spacers onto the lower substrate for 
maintaining a uniform cell gap between the upper and lower substrates. 
[0010] Step SI 06 includes formation of a sealing material along an outer portion of the 
upper substrate. 

[0011] Step SI 07 includes attaching the upper and lower substrates by compressing the 
upper and lower substrates together. 

[0012] Step SI 08 includes dividing the attached upper and lower substrates into a plurality 
of individual liquid crystal panels. 

[0013] Step SI 09 includes injection of the liquid crystal material into the liquid crystal 
panels through a liquid crystal injection hole, wherein the liquid crystal injection hole is 
sealed to form the liquid crystal layer. 
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[0014] Step SI 10 includes testing the injected liquid crystal panel. 

[0015] Operation of the LCD device makes use of an electro-optical effect of the liquid 
crystal material, wherein anisotropy of the liquid crystal material aligns liquid crystal 
molecules along a specific direction. Accordingly, control of the liquid crystal molecules 
significantly affects image stabilization of the LCD device. Thus, formation of the 
alignment layer and the spacers are critical for fabricating an LCD device that produces 
quality images. 

[0016] However, during the spacer scattering process, the spacers are provided with the 
pixel area through which the light is to be transmitted. Accordingly, the spacers within the 
pixel area are similar to an impurity that interrupts orientation of liquid crystal molecules, 
thereby lowering aperture rate. Thus, a distribution density of the spacers should be 
controlled and uniformly maintained across a display screen of the LCD device. For 
example, although the distribution density of the spacers is high and a uniform cell gap 
may be maintained, displaying functions of a black screen is lowered by light dispersal due 
to the spacers, and a contrast ratio is reduced. 

[0017] In order to solve the above problem, patterned column spacers are formed at 
desired locations by photolithographic processes of depositing (coating), developing, and 
etching organic polymer material. In addition, a mask process must be added in order to 
form the column spacers, thereby increasing fabrication costs and complicating the overall 
fabricating processes. However, formation of the spacers using the scattering method is 
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performed after formation of the alignment layers, whereas using the patterned column 
spacers means that the formation of the alignment layers is performed after formation of 
the patterned column spacers. For example, the alignment layer process commonly uses a 
roller coating method. 

[0018] FIG. 3 is a sc hematic v iew o f a method for forming an alignment 1 ayer u sing a 
roller coating method according to the related art. In FIG. 3, an alignment material 21 is 
uniformly supplied between an anylox roll 22 and a doctor roll 23 of cylindrical shape as 
the anylox roll 22 and the doctor roll 23 rotate. The alignment material 21 is provided 
using a dispenser 1 having an injector shape. Then the alignment material 21 formed on a 
surface of the anylox roll 22 is transferred onto a rubber plate 25 when the anylox roll 22 
rotates to contact a printing roll 24 upon which the rubber plate 25 is attached. The rubber 
plate 25 is aligned with a substrate 26 upon which the alignment material 21 will be 
applied. As a printing table 27, upon which the substrate 26 is loaded, is moved to contact 
the printing roll 24, the alignment material 21 is transferred onto the rubber plate 25 and is 
re-transferred onto the substrate 26 to form an alignment layer (not shown). Since a 
thickness of the alignment layer is about 500-1000A, thickness differences of 100A of the 
alignment layer may generate a blot on the screen of the LCD device. Accordingly, 
uniform thickness of the alignment layer is critical to display quality images on the screen 
of the LCD device. 
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[0019] However, since the dispenser 1 supplies the alignment material 21 onto the anylox 
roll 22 using a left-to-right motion along an upper part of the anylox roll 22, uniform 
thickness of the resulting alignment layer may not be achieved. For example, as a size of 
the substrate 26 increases, it becomes increasingly more difficult to form the alignment 
layer having a uniform thickness. Moreover, since all of the alignment material 21 
transferred on the rubber plate 25 is not necessarily re-transferred onto the substrate 26, a 
significant amount of the alignment material 21 is wasted as compared to the amount of 
alignment material 21 that is re-transferred onto the substrate 26. Accordingly, the amount 
of wasted alignment material 21 unnecessarily increases production costs. 



SUMMARY OF THE INVENTION 
[0020] Accordingly, the present invention is directed to a method of fabricating a liquid 
crystal display device that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 

[0021] An object of the present invention is to provide a method of fabricating a liquid 
crystal display having a uniform alignment layer across an entire surface of a substrate and 
to reduce material waste. 

[0022] Another object of the present invention is to provide a method of fabricating a 
liquid crystal display having a simplified spacer formation process and to form the spacers 
at precise desired locations. 
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[0023] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the method particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 

[0024] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, a method of fabricating a liquid 
crystal display device includes providing a first substrate, forming an alignment layer on 
the first substrate using an ink jet method to form a plurality of holes that expose portions 
of the first substrate, and forming a spacer within each of the plurality of holes using the 
ink jet method. 

[0025] In another aspect, a method of fabricating a liquid crystal display device includes 
providing a lower substrate upon which a thin film transistor is formed and an upper 
substrate upon which a color filter is formed, forming an alignment layer on one of the 
lower substrate and the upper substrate using an ink jet method, and forming a plurality of 
spacers on one of the lower substrate and upper substrate. 

[0026] In another aspect, a method of fabricating a liquid crystal display device includes 
providing a lower substrate upon which a thin film transistor is formed and an upper 
substrate upon which a color filter i s formed, applying a first alignment layer along an 
entire surface of the lower substrate using an ink jet method, applying a second alignment 
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layer along a surface of the upper substrate using the ink jet method, the second alignment 
layer having a plurality of holes that expose surface portions of the upper substrate, and 
forming a spacer in each of the plurality of holes formed on the expose surface portions of 
the upper substrate using the ink jet method. 

[0027] In another aspect, a method of fabricating a liquid crystal display device includes 
providing a first substrate and a second substrate, dispensing a first alignment material on 
first surface portions of the first substrate to expose second surface portions of the first 
substrate, and dispensing the first alignment material on second surface portions of the 
second substrate to expose second surface portions of the second substrate. 
[0028] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the 
principles of the invention. In the drawings: 

[0030] FIG. 1 is a cross sectional view of a liquid crystal display device according to the 
present invention; 
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[0031] FIG. 2 is a flow chart of a method for fabricating a liquid crystal display device 
according to the related art; 

[0032] FIG. 3 is a sc hematic v iew o f a m ethod for forming a n alignment 1 ayer u sing a 
roller coating method according to the related art; 

[0033] FIG. 4A is a plan view of an exemplary first substrate fabricated using an 
exemplary thin film transistor array process according to the present invention; 
[0034] FIG. 4B is a perspective view of an exemplary second substrate fabricated using an 
exemplary color filter process according to the present invention; 

[0035] FIG. 4C is a schematic cross sectional view of an exemplary method for forming an 
alignment layer according to the present invention; 

[0036] FIG. 4D is a schematic cross sectional view of an exemplary method for forming 
spacers according to the present invention; and 

[0037] FIG. 5 is a perspective view of the alignment layer and spacers formed on a 
substrate using the methods FIGs. 4C and 4D according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0038] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 
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[0039] FIG. 4A is a plan view of an exemplary first substrate fabricated using an 
exemplary thin film transistor array process according to the present invention, FIG. 4B is 
a perspective view of an exemplary second substrate fabricated using an exemplary color 
filter process according to the present invention, FIG. 4C is a schematic cross sectional 
view of an exemplary method for forming an alignment layer according to the present 
invention, and FIG. 4D is a schematic cross sectional view of an exemplary method for 
forming spacers according to the present invention. In FIG. 4A, during a thin film 
transistor array process, a plurality of gate lines 101 and data lines 102 may be arranged 
along transverse and longitudinal directions on a first substrate 100a, thereby defining 
pixel areas "P" each having a thin film transistor 103 connected to the gate line 101 and 
the data line 102. Then, a passivation layer (not shown) may be formed along an entire 
area of the thin film transistor 103 and the pixel area "P," and a transparent pixel electrode 
105 may be formed on the passivation layer. 

[0040] In FIG. 4B, during a color filter process, a black matrix 111 may be formed on a 
second substrate 100b, a color filter 113 may be formed within an area that corresponds to 
the pixel areas "P" of the first substrate 100a (in FIG. 4A), and a common electrode 115 
may be formed on the color filter 113. 

[0041] In FIG. 4C, alignment layers may be formed on a substrate 200, which may be one 
of the first and second substrates 100a and 100b (in FIGs. 4A and 4B) using an ink jet 
method. The ink jet method may include supplying an alignment material 230 onto a 
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substrate 200, such as one, or both of the first and second substrates 100a and 100b (in 
FIGs. 4A and 4B), using an ink jet system 250. The alignment material 230 supplied from 
the ink jet system 250 may form an alignment layer 240 on the substrate 200. Although 
not shown, the ink jet system 250 may include a nozzle for supplying the alignment 
material 230 onto the substrate 200 and an alignment material supplying unit for supplying 
the alignment material 230 into the nozzle. In addition, a plurality of holes may be formed 
on the nozzle, wherein supplied amounts of the alignment material 230 may be controlled 
by opening and closing of the holes. Moreover, processing time for forming the alignment 
layer 240 may be controlled by controlling total numbers of the nozzle. 
[0042] Formation of the alignment layer 240 may be accomplished by moving the nozzle 
along an entire upper portion of the substrate 200, wherein the alignment layer 240 may be 
formed having a uniform thickness across an entire surface of the substrate 200. 
Accordingly, the alignment layer 240 may be formed on the substrate 200 by selectively 
closing/opening some of the holes formed in the nozzle as the nozzle passes along the 
substrate 200 as the alignment material 230 is supplied. 

[0043] In FIG. 4C, the alignment layer 240 may be formed to have a patterned shape 
including holes 220 through which some portions of the substrate 200 may be exposed. 
Accordingly, the holes 220 may be formed at areas where spacers may be subsequently 
formed, i.e., gate line areas and data line areas. Thus, the alignment layer 240 may be 
formed on one of the first and second substrates. In addition, the alignment layer 240 may 
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be rubbed to provide an initial orientation alignment of liquid crystal molecules of a 
subsequently provided liquid crystal material layer. 

[0044] In FIG. 4D, spacers 260 may be formed in the holes 220 of the alignment layer 240 
after the rubbing of the alignment layer 240. Although the spacers 260 may be formed on 
one of the first and second substrates 100a and 100b (in FIGs. 4 A and 4B), the spacers 260 
may be formed on the substrate 200 upon which the alignment layer 240 is formed. 
Accordingly, the spacers 260 may be formed using the same ink jet method used to form 
the alignment layer 240. 

[0045] During formation of the spacers 260 using the ink jet method, the nozzle (not 
shown) of the ink jet system 350 may pass along the areas where the alignment layer 240 is 
formed, and may selectively drop organic material 270 (i.e., photoresist material) into the 
holes 220 formed in the alignment layer 240. Then, the organic material 270 may be 
hardened to form the spacers 260 each having a predetermined height. In addition, the 
organic material 2 70 may be injected with a solvent to control viscosity of the organic 
material 270. Accordingly, amounts of the injected organic material 270 may be selected 
based upon evaporation amounts of the solvent. Thus, the holes 220 formed in the 
alignment layer 240 may function to maintain shapes of spacers 260 in order to prevent 
spreading of the organic material 270 dropped into the holes 220. For example, the spacers 
260 may have a certain height (i.e., 3 |um or more) in order to maintain a uniform cell gap 
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between the first and second substrates 100a and 100b (in FIGs. 4A and 4B) when attached 
together. 

[0046] However, it may be difficult to form the spacers 260 using the organic material 270 
without using barrier ribs (not shown) due to physical properties of the organic material 
270. Thus, the holes 220 that expose the portions of the substrate 200 may be formed in 
advance at positions where the spacers 260 will be formed to function as the barrier ribs. 
Accordingly, the holes 220 formed in the alignment layer 240 may be formed to have 
specific shapes if the holes 220 are to maintain the height of the organic material 270 and 
are not to interrupt injection of the liquid crystal material. For example, barrier ribs for 
forming the spacers 260 may not have to be formed on the alignment layer 240. However, 
it may be desirable that the holes 220 may be formed in advance when the alignment layer 
240 is formed since an additional mask process is necessary for forming the barrier ribs. 
[0047] When the spacers 260 have been completed, the liquid crystal material may be 
dispensed onto liquid crystal panel areas of the first substrate 100a (in FIG. 4A) upon 
which the thin film transistors may have been formed, and t he s ealing m aterial m ay b e 
applied along outer portions of the liquid crystal panel on the second substrate 100b (in 
FIG. 4B). Then, the first and second substrates 100a and 100b (in FIGs. 4A and 4B) may 
be attached together by the sealing material. Next, the attached first and second substrates 
may be divided into a plurality of individual liquid crystal panels using a cutting process. 
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[0048] Although the liquid crystal material may be dropped onto either one of the first and 
second substrates 100a and 100b (in FIGs. 4A and 4B), the substrate upon which the liquid 
crystal material is dispensed should be provided as a lower one of the attached first and 
second substrates. Alternatively, the liquid crystal material may be injected into the 
plurality of individual liquid crystal panels after the cutting process, but it is desirable that 
the liquid crystal dispensing method be used since injection of the liquid crystal material 
has a relatively long processing time and results in significant amounts of wasted liquid 
crystal material. Accordingly, during the liquid crystal dispensing method, since the liquid 
crystal material is directly dispensed onto the substrate in a relatively short period of time, 
formation of the liquid crystal material layer in large-sized LCD devices may proceed very 
rapidly. In addition, since only required amounts of the liquid crystal material is dispensed 
onto the substrate, waste amounts of the liquid crystal material may be significantly 
reduced. Thus, fabrication costs of the LCD device may be greatly reduced. 
[0049] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the method of fabricating a liquid crystal display device of the 
present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this invention 
provided they come within the scope of the appended claims and their equivalents. 
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